1. Chronic low blood pressure has been associated with fatigue and low mood. However, in the chronic fatigue syndrome (CFS) the blood pressure (BP) and heart rate profile and their variabilities have not been characterized as yet. 2. We performed office and 24h ambulatory BP recordings in 38 subjects (age, 34.8f8.0 years) who fulfilled the Holmes criteria for CFS and in 38 healthy control subjects (age 35.6 f 10.5 years), as well as short-term beat-to-beat BP and RR-interval recordings for 10min in supine and standing position, and calculated spectral indices. 3. In CFS office (123 19/70 f 12 mmHg) as well as 24-h, day-and night-time blood pressure values (116 2 11.1/71 f 11.1, 121 f 9.2/77 f 8.0 and 110 f 10.965 f 9.2 mmHg respectively) were within reference limits. 4 . Heart rate was consistently higher (P<O.Ol) in CFS patients, based on both office (77212 compared with 68f 12 beats min-') and 24 h ambulatory recordings (77f12 compared with 67f15 beats min-'). 5 . In supine position, spectral indices of BP variability (total, low-frequency and high-frequency variances) were all significantly (P < 0.01) lower in CFS.
In standing position the differences disappeared. Analysis of RR-interval variability could not detect major alterations in autonomic function in CFS.
INTRODUCIION
Chronic fatigue is a common but poorly understood condition which is characterized by debilitating tiredness often made worse by only modest physical exercise [l]. However, it should be recognized that chronic fatigue is a poorly defined symptom complex, therefore Holmes et al. [2] worked out a specific collection of symptoms and signs that should be present before a subject fulfills the case definition of 'chronic fatigue syndrome' (CFS). A case of CFS has to fulfill the two major criteria and at least eight of the symptoms termed minor criteria, or six of the minor criteria with additionally two of the three physical minor criteria. Judged by psychometric scores derived from well-validated questionnaires the subjects with CFS have an increased prevalence of somatic anxiety or depression and have an increased rate of global dysfunction [3] . On the other hand, theoretical and practical considerations suggest that in subjects complaining of fatigue, in the absence of evident organic dysfunction, an alteration in the autonomic nervous system might be present as a functional correlate [4] . The sympathovagal modulation of the sino-atrial node can be assessed non-invasively with power spectrum analysis of the RR-interval variability [5, 61, and the sympathetic modulation of the vasculature can be explored also non-invasively with spectral analysis of systolic arterial pressure registered at the level of the finger [7, 81. Recently, an important subset of subjects with chronic fatigue has been described with characteristics of neurally mediated hypotension [9] . Therefore neurally mediated hypotension has been suggested as a previously unrecognized cause of chronic fatigue. It is not known if blood pressure (BP) profile is normal in cases with CFS. Confirmatory evidence in these subjects based on 24 h ambulatory BP mesurement is still unavailable. Therefore this study aimed to examine office and 24 h BP profile and its variability in CFS compared with control subjects. Furthermore short-term BP and RR-interval variability were compared with control subjects during postural changes.
METHODS

Subjects
A total of 38 subjects (29 women, 9 men) with a mean age of 34.828.0 years (mean_+SD), mean height of 1.68f0.10m and mean weight 65.4+ 11.7 kg with complaints of chronic fatigue and who fulfilled the diagnostic criteria of Holmes for CFS [2] were enrolled in this study protocol. History, physical examinations or laboratory data did not provide evidence of any organic disease. A group of 38 normotensive healthy control subjects (29 women, 9 men) with a mean age of 35.6 f 10.5 years, mean height 1.69 f0.09 m and mean weight 68.8 k 12.1 kg was enrolled as well. The subjects had not taken any drug for at least 2 weeks before entering the study protocol. At least 24h before the examinations all subjects refrained from smoking and taking coffee or alcohol. All patients gave oral informed consent to participate in this study. None of the subjects had participated in previous protocols using psychometric scores. The study protocol was approved by the local medical ethical committee.
Study protocol
On the day of the examination the subjects entered the vascular laboratory at 8.00 hours, and after 15 min supine rest the subjects underwent three office BP readings in the sitting position at 2 min intervals. Heart rate was determined from the electrocardiogram. Then beat-to-beat BP and heart rate variability were recorded in supine and standing position for 10 min to allow calculation of the power spectra. Thereafter the subjects filled in the symptom check-list questionnaire (SCL-90, see below). In all cases it was the same well-trained research nurse who instructed the subjects on how to fill in the SCL-90 questionnaire. The Hamilton depression scale was filled in by the psychologically trained investigator to assess the symptom profile and severity of depression. Finally, a 24 h ambulatory BP recording outside the hospital during daily activities was performed.
Power spectral analysis of arterial BP and RR-interval
In each subject beat-to-beat BP was measured by means of a Finapres 2300 (Ohmeda, Englewood, CO, U.S.A.) device working on the volume clamp method originally described by Penaz [ Non-stationary segments (including erratic and sudden BP and RR-interval variations) were automatically discarded. The spectral characteristics of the remaining segments were estimated via fast Fourier transforms in a sequential fashion, using a sample length of 256 beats. Cumulative powers were computed over two frequency bands, the so-called LF (0.04-0.15 Hz) and the HF (0.15-0.40Hz) bands.
For each subject LF and HF were calculated in absolute values (ms2/Hz and mmHg2/Hz respectively) integrating the density curves in the respective frequency ranges, and then averaged to obtain mean values for the group as a whole. Moreover, normalized units are defined as the component power divided by the total oscillatory power.
Breathing pattern was followed by a nasal thermistor (Medatec, Brussels, Belgium) during power spectral analyses. In the CFS patients respiratory frequencies were 14f4/min in supine and 15 +4/min in standing position while in the controls respiratory frequencies were 13 f 4/min in supine and 14 +_4/min in standing position. The differences were not statistically significant.
Ambulatory BP recording
On the day of the experiments, an ambulatory BP recording was performed outside the hospital over a period of 24 h with an oscillometric device (SpaceLabs model 90207, SpaceLabs SARL, Paris, France). The patients performed their normal regular daily activities and controls were asked to reduce their daily activities as much as possible. Ambulatory BP was recorded at each 30min interval [12] . Mean systolic (ambulatory) and mean diastolic (ambulatory) BPs were then calculated over 24 h and separately for day-(9.00 hours-21.00 hours) and night-time (21.00 hours-9.00 hours). BP variability was calculated as SD and as coefficient of variation: CV = SD x 100/mean.
Psychometric scores
order: SCL-90 and Hamilton Rating Scale.
Two questionnaires were completed at random SCL-90 [13, 14, 151. The symptom checklist (SCL-90) is a self-rating multi-dimensional symptom list consisting of 90 descriptions of somatic or psychic symptoms. The subjects being examined should indicate the presence or absence of these symptoms, and in the former case scale the intensity (0-4) during the last week before the examination. The depth of the symptoms was expressed as follows: 0, completely absent; 1, a little bit; 2, fairly; 3, moderately high; 4, extremely high. The total score and the subscores for the dimensions of depression, somatization, obsessive-compulsive distress, anxiety, interpersonal sensitivity and hostility were considered as study parameters.
A Dutch translation of the SCL-90 questionnaire has been validated in normal and psychiatric populations by Arrindell and Ettema [15] .
Hamilton rating scale [16, 171. The Hamilton scale is a 17 items scale scored by the same physician for assessing depression and is categorized for five levels (0-4) of depth of symptoms: 0, completely absent; 1, a little bit; 2, fairly; 3, moderately high; 4, extremely high. The total score was taken as the study parameter.
Statistical anatysis
All data are expressed as mean & SD. The data obtained from SCL-90 score, Hamilton depression scale, office BP, 24 h ambulatory BP profile and data obtained by power spectral analysis of RR-interval and blood pressure variability in supine and standing position are compared between patients and controls by Student's t-test and Bonferroni correction for multiple comparison. The group of CFS patients was further subdivided along Holmes criteria into patients with mild, moderate and severe CFS. Cardiovascular parameters were compared between the three categories of severity of CFS. First an analysis of variance between the three subgroups was applied in order to assess an overall significant effect. Then pair-wise comparisons were applied using multiple range tests. Measures of depression were correlated with vagal state using Pearson correlation coefficients.
RESULTS
BP and heart rate
Office and ambulatory BP and heart rate profiles in the subjects with CFS are given in Table 1 . There were no significant differences between office and ambulatory BP between patients and controls. None of the subjects showed orthostatic hypotension during the 30min active standing. On the other hand, office and ambulatory (24 h, day-and nighttime) heart rate were significantly higher in CFS subjects (P c 0.01). There was also a normal nocturnal dip for systolic and diastolic BP as well as for heart rate. BP and heart rate variability data expressed as SD and CV are given in Table 2 . There were no significant differences, either in SD or in CV between CFS patients and controls in the 24 h ambulatory BP pattern.
Spectral indices of BP and heart rate variabili during postural changes
Total oscillatory power and component powers of the RR-interval and arterial BP variabilities during postural changes are summarized in Table 3 . In supine position there were no significant differences in RR-interval variabilities between CFS and control subjects, whereas in contrast, total variance, LF and HF components of BP variability were significantly Tabla 2 BP w i a b i k k atpmsed as SD and CV in 38 subjects with CFS and 38 control subjects. T D e x p r e d in mmHg for SBP and DBP and beatsmin-' for HR; CV expreped as %.
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cv, Table 4 summarizes the results of SCL-90 symptom check list and Hamilton depression scale questionnaires in CFS and control subjects. Total SCL-90 score as well as the subdimensions for depression, somatization, obsessive-compulsive distress, anxiety, interpersonal sensitivity and hostility were statistically (P < 0.01) higher in CFS patients.
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Psychometric scores
Also the Hamilton depression total score was statistically higher (P<O.Ol) in CFS patients. All study parameters, except for interpersonal sensitivity, were nearly doubled in the total group of CFS patients. However, the subgroup with mild CFS had scores for the SCL-90 subdimensions and for the Hamilton depressions scale that were comparable with control values (Table 4 ). There were no significant correlations between hypovagal state (HF component or RR-interval variability) and measures of depression (Hamilton and subdimension for depression in SCL-90 score).
The relationship between the severity of CFS (mild, moderate and severe) and cardiovascular parameters (office, ambulatory blood pressure and BP and heart rate variabilities) is detailed in Table  5 . Patients with only mild CFS had significantly (Px0.01) lower diastolic office BP than moderate and severe CFS (overall significant effect, P < 0.05, analysis of variance).
DISCUSSION
In our study [18] found that in CFS, office as well as 24 h blood pressure profiles were within normal limits [ 181, whereas postural hypotension occurred in none of the subjects, even after 30 min standing. Heart rate was consistently higher in CFS patients, based on both office and ambulatory recordings. Long-term heart rate and BP variabilities did not differ between patients and controls. Short-term heart rate and BP variabilities examined by power spectra analysis in standing position could not detect major alterations in autonomic function in CFS. In contrast, in supine position all indices of BP variability were significantly lower in CFS. On the other hand, CFS subjects had nearly doubled psychometric scores (SCL-90, Hamilton depression), except for the mild form of CFS, where scores were comparable with the controls, but had lower office diastolic BP.
The interrelation between chronic fatigue, CFS and BP is complex. Large-scale population-based surveys in younger age groups have demonstrated an association between fatigue and lower BP [19] . Nevertheless this relationship might be interfered with by low mood as a confounder [20], which is a common finding in up to 80% of CFS patients [21].
In the present study we present the first data on 24 h BP monitoring in CFS. However, we could not confirm a strong relationship between severity of fatigue, low BP and low mood. The total CFS group had comparable office and ambulatory BP (but higher heart rates) with the controls, but nevertheless a significantly lower mood. In contrast, the subgroup with mild CFS had lower office diastolic BP but psychometric scores comparable with the control group. In order to avoid a possible BP effect of the different habitual daily activities between patients and controls, the latter were asked to reduce their normal daily activities as much as possible.
A relationship between fatigue and orthostatic intolerance has been suggested by an earlier study [22] . Severe fatigue was the most prominent symptom in delayed orthostatic hypotension that became evident after assuming the upright position. However, in none of our CFS patients did blood pressure measurements after 30 min standing reveal orthostatic hypotension.
Recently, the possible involvement of autonomic dysfunction in the pathophysiology of subjects complaining from unexplained fatigue in the absence of evident organ disease has been addressed in two papers. First, Pagani et al.
[4] observed a prevailing increased LF component of RR-interval variability at rest, with a reduced responsiveness to mental arithmetic. The authors concluded that in CFS at rest there was a selective imbalance of autonomic control of the sino-atrial node characterized by vagal withdrawal and sympathetic predominance. Secondly, in concert with the previous paper, Sisto et al.
[23] demonstrated that during paced breathing vagal power was significantly lower at all breathing rates in both sitting and standing positions in CFS patients. We studied BP and heart rate variability, both long-term (24 h profile) and short-term (10 min in supine and standing position), and calculated power spectra for the latter. However, in contrast to Pagani et al. [4] we observed increased heart rate in CFS patients. Standing significantly increased shorttime systolic and diastolic BP variance, as well as their LF and HF components, in CFS patients.
Our observation of comparable short-term RRinterval variability in CFS compared with control subjects is in part at variance with data on disorders with possibly disturbed autonomic nervous function, such as vasovagal syncope, anxiety and depressive disorders. In vasovagal syncope in basal state, Sneddon et al. [24] and Pruvot et al. [25] found heart rate variability parameters similar to controls. The latter authors observed a marked autonomic dysfunction during head-up tilting, characterized by an increase in neural parasympathetic traffic to the heart and concomitant activation. In our patients standing did not significantly increase heart rate variability. On the other hand Lipsitz et al. [26] observed specific changes in the spectral indices, even before the postural tilting, in young patients with vasovagal syncope. Literature data of higher heart rate and reduced heart rate variability are available for men with phobic anxiety [27] and those suffering from non-clinical panic [28] . In generalized anxiety disorder [29] , heart rate was also increased with a significantly lower HF spectral power, indicating lower cardiac vagal control. In patients with major depression, several authors [30, 311 have observed reduced RR-interval variability and lower HF peak, which also indicates decreased para-sympathetic activity. However, in our patients with scores for anxiety and depression twice that of controls, office and ambulatory heart rate were increased, but total short-term heart rate variability and its HF component were not reduced. BP variability has not been addressed under conditions of anxiety and depression, but in our study in CFS the short-term blood pressure variability was reduced in contrast to the controls. It might be of interest that both long-term HR and BP variability (24 h) are comparable for patients and controls.
In a primary care practice, the prevalence of chronic fatigue syndrome was estimated to be about 300/100000 and Komaroff et al. [32] found 77.6% of patients to be females in the CFS Boston Study. Our study group had a gender distribution of 73.7% females, which is comparable with the data of Komaroff et al. [32] . Only a few years ago, the relationship between CFS and psychiatric illness was completely unclear, but nowadays reclassification of the criteria to be met for CFS [33] means that nonpsychotic depression, somatoform disorders and generalized anxiety or panic disorders are no longer excluded. So, it is now beyond dispute that patients with severe CFS are at a high risk of psychosocial morbidity.
On the other hand, McDonald et al. [34] found that the link between CFS and psychological disorder and cognitive function is partly, but not fully, confounded by mood disorder. Questionnaire studies reported high levels of psychological disturbance [35-371 and the most frequent diagnoses were depression, somatization and anxiety disorders [38] .
In our study, SCL-90 total score and all evaluated subdimensions were nearly doubled in CFS compared with the control group, and the same held true for the total Hamilton depression score, except for the mild CFS subjects who had values comparable with the controls, associated with low office diastolic BP.
Abnormalities in vagal function in CFS have been described. One reason for the difference in vagal power in CFS could lie in the cardiac deconditioning secondary to reduced activity seen in CFS [23] . It has also been argued that the hypovagal state in CFS patients could be a result of concurrent or premorbid depression. However, Yeragani et al. [39] found no significant difference in vagal tone in major depression, but a significant difference in vagal tone in subjects with panic disorders. In our study population we were unable to demonstrate a significant relation between hypovagal state and severity of depression.
